INTRODUCTION
Water utilities have the vital responsibility of managing water quality risks to ensure the safety and quality of water (Deere 2005) . These plans are still at their early stages and will be the initial step towards implementing complete HACCP systems over time. The key challenges in implementing HACCP systems especially in low income environments are also discussed in the paper. (Davison & Deere 2005) .
RISK MANAGEMENT SYSTEMS

What is HACCP?
HACCP is an internationally recognized process control system which involves identifying and prioritizing hazards and risks to product quality and controlling processes to reliably maintain the desired level of product quality. The application of HACCP principles in a systematic manner ensures that water quality risks are controlled as close to their sources as possible. The information prepared in completing these 12 steps constitutes HACCP Plan. These steps are:
Step 1 Assemble HACCP team
Step 2 Describe product
Step 3 Identify intended use
Step 4 Construct flow diagram
Step 5 Confirm flow diagram
Step 6 Conduct a hazard analysis
Step 7 Determine the critical control points
Step 8 Establish critical limits
Step 9 Establish a system to monitor control of the critical control points
Step 10 Establish corrective actions
Step 11 Validation and verification of HACCP plan
Step 12 Establish documentation and record keeping. 
Describe product (step 2)
The product for water utilities can be described as potable water. A detailed description of the product is provided as a list of key water quality standards/targets that need to be achieved at the customer's property. These targets are based on the regulatory requirements, business key performance indicators and Australian Drinking Water Guideline limits.
Two typical water quality compliance targets from Yarra Valley Water's product description list are shown in Box 1.
Product description includes compliance targets for total coliforms, disinfection-by-products, turbidity, aluminum, copper, fluoride, manganese, pH, colour and hardness.
Identify intended use (step 3)
A clear statement of the intended use of the product (potable water) was prepared as shown in Box 2.
Construct flow diagram (step 4 & step 5)
The HACCP team developed a process flow chart for the distribution system using the standard symbols ( Figure 1 
Conduct a hazard analysis (step 6)
The HACCP team used technical expertise in system operation of its members and historical data to prepare a list of microbiological, physical and chemical hazards at each process step from the water receival through to customer interface. Current control measures were identified to ensure that each hazard can be managed at acceptable levels. Some examples of identified hazards are: † Contamination due to receival of untreated water due to upstream treatment failures † Biological contamination due to algae † Microbiological contamination due to main bursts † Chemical contamination due to corrosion of water mains and steel storage tanks † Contamination due to sloughing of biofilms from pipes due to high flows † Physical contamination due to resuspension of natural sediments in reticulation due to high flows † Chemical contamination due to backflow from industrial commercial customers
There are a number of alternative approaches to undertake hazard analysis. Yarra Valley Water adopted a simple semi quantitative risk matrix (Table 1) to assess risks.
The risk assessment can take up to several days depending on the complexity of the system. Two one day workshops were adequate to assess Yarra Valley Water's system. The HACCP team decided that a risk ranking score greater than 5 was "significant". Once hazards were identified and ranked according to their likelihood of occurrence and severity of consequences, the HACCP team focused on elimination or reduction of the highest ranked hazards to acceptable levels. This was accomplished in HACCP step 6 through to step 10. The HACCP team then identified existing control measures and any additional control or preventive measures that systems may require for future operations. 
Establish critical limits (step 8)
For each CCP identified in the process, measurable parameters and limits for each parameter were established.
Current knowledge and expertise including industry standards, as well as historical data, were used as a guide to determine the limit. Critical limits for the CCP of disinfection plant failure are shown in Box 4.
Establish a system to monitor control of the critical control points (step 9)
For each CCP it is vital to establish a monitoring procedure to: † Ensure the process step is under control and determine when a deviation occurs from the target control limit † Provide records that can be examined during the verification step † Track the effectiveness of the operation over time. 
BENEFITS OF HACCP
Since the implementation of HACCP, Yarra Valley Water has been able to identify and implement a number of improvement programs to prevent or minimise water quality risks (Chapman et al. 2003) . These improvements have been identified through continuous management of the HACCP processes.
Non reliance on end point testing
The non reliance on end product testing to manage risks is a key benefit. HACCP prevents or minimises the risks in the water supply process by identifying and managing them at the earliest instance. End product testing data is now used to verify that the HACCP process and in turn the water supply system is working as designed. 
RISK MANAGEMENT FRAMEWORK FOR WATER SUPPLY
The 2. System Analysis and Management -this area involves understanding the entire water supply system, the hazards and events which can compromise drinking water quality, and the preventive measures and operational control necessary for assuring safe and reliable drinking water. 
CHALLENGES IN APPLYING HACCP IN DEVELOPING COUNTRIES
To obtain HACCP "certification" for water delivered at the point of supply it would be necessary to ensure that water is adequately treated and/or sourced from a safe source and then to maintain a continuously pressurised, closed distri- Many community water supply systems in developing countries require significant system improvements to ensure the supply of safe water. In general, community water supplies are managed by communities at their own discretion with only minor involvement from other parties. The inability to apply essential control measures (step 7) will make such small systems ineligible for applying HACCP. 
